Introduction
It has been proposed that postprandial hyperlipe-mia is an independent predictor of coronary heart disease (CHD) 1, 2) . Zilversmit 3) was the first to propose that atherogenesis is a postprandial phenomenon and pointed out the need to study postprandial lipoprotein metabolism. Although it is well established that dysmetabolism of plasma lipids and lipoproteins increases the risk of CHD, the criteria for dyslipidemia are mainly based on fasting levels. Postprandial lipemia is a physiological phenomenon and usually occurs three times a day or more after ingestion of a illness.
Anthropometric and Body Composition Measurement
Body weight and waist and hip circumferences were measured by standard methods. Waist circumference was assessed as abdominal girth at the level of the umbilicus, and the hip circumference was measured at the level of the greater trochanters. The waist-to-hip ratio (W/H) was calculated. Body composition, including visceral fat area (VFA), was analyzed using an eight-polar bioelectrical impedance method, using InBody720 (BioSpace, Tokyo, Japan).
Exercise
An incremental exercise protocol was designed to increase walking speed, aiming for an intensity of 50%V 4 o2max using a treadmill as reported previously 13) . Following a 3-to 5-min warm-up, the initial speed was set at 3.7 km/h, and the speed was then increased by 0.3 km/h every 3 min for the first 15 min, and then by 0.2 km/h every 3 min for the second 15 min. The aerobic exercise lasted for 30 min and the final speed attained was 5.9 km/h. Heart rate was monitored every 3 min with a cardiotachometer (HR-40; Japan Precision Instruments, Shibukawa, Japan), and blood pressure was recorded before and after the exercise. HRmax, %HRmax, and %V 4 o2max were calculated as described previously 13) .
Test Meal
As a glucose solution, Toleran-G (Ajinomoto, Tokyo, Japan) was used at 3 mL/kg body weight (1 g/ kg body weight as glucose). As a fat cream, oral fat tolerance test (OFTT) cream (Jomo, Takasaki, Japan), containing essentially no carbohydrate, was used at 1 g/kg body weight (0.35 g/kg as fat) 13, 14) .
Experimental Design
The participants ingested glucose (G, 1 g/kg body weight) only or G supplemented with 1 g/kg body weight of OFTT cream (GF) with or without postprandial walking exercise (E) on a motorized treadmill (ca. 50%V 4 o2max for 30 min) 20 min after intake of the experimental beverage. Accordingly, each subject performed 4 trials (G, GE, GF, and GFE) in a randomized, cross-over design. There was an interval of 4 weeks between the test days to minimize the confounding effects of the menstrual status on lipid metabolism. Venous blood was drawn before (0 h), and 20 min, 1, 2, 4, and 6 h after intake. All the blood samples were taken in the supine position. Subjects were allowed to drink water ad libitum and were fat-containing meal; however, postprandial hyperlipemia has emerged as an independent risk factor for CHD. It has also been reported that non-fasting plasma triglyceride (TG) levels may be more useful than fasting levels in evaluating the risk for CHD 4, 5) . A number of studies have demonstrated the differences between fasting and postprandial TG levels in men and women, with higher levels in men 6, 7) . For a given meal, the postprandial TG response is lower in women than men due to higher clearance capacity by lipoprotein lipase activity 8) ; however, increased levels of fasting plasma TG and exaggerated postprandial lipemia in postmenopausal women have been reported 9, 10) . The annual national nutrition survey of Japan showed a gradual decline in the number of walking steps in both sexes and in all age groups over the last 10 years 11) . While exercise habits have been gradually increasing in the elderly, less than 20% of young women have been reported to exercise regularly 12) , causing concern about the increase of CHD in women in the near future.
In our previous study, we showed that postprandial aerobic exercise is more effective for promoting postprandial lipoprotein metabolism than shortly preprandial exercise, using oral fat tolerance test (OFTT) cream, which contains essentially no carbohydrate 13) . However, because in general meals contain substantial amounts of carbohydrate along with fat, in the present study we examined the acute effects of postprandial aerobic exercise on glucose and lipoprotein metabolism after ingestion of glucose supplemented or not with fat cream in healthy but sedentary young Japanese women.
Aim
To investigate the acute effects of postprandial aerobic exercise on glucose and lipoprotein metabolism after ingestion of glucose supplemented or not with fat cream in healthy but sedentary young Japanese women.
Materials and Methods

Subjects
After approval from the Institutional Review Board of Sugiyama Jogakuen University School and Graduate School of Life Studies, 14 healthy young Japanese female students with a sedentary lifestyle, normal weight (18.5 ≤ BMI＜25), normal ovarian cycle, and apoE3/3 were enrolled as participants. None of them was taking any medication or dietary supplements or suffering from any apparent acute or chronic method (Wako, Osaka, Japan). The concentration of serum insulin was measured by chemiluminescent enzyme immunoassay (Fujirebio, Tokyo, Japan). Insulin resistance was evaluated using the homeostasis model assessment (HOMA-IR) 15) . The apoE phenotype was measured using the isometric electrophoresis method (PhenotypingApoE IEF System; Joko, Tokyo, Japan).
Quantification of Postprandial Metabolism
Postprandial metabolism was quantified by calculating the incremental area under the curve (IAUC) (from 0 to 2 h and from 0 to 6 h) as described previously 13) . Postprandial changes of serum glucose, insulin, TG, RLP-TG, and apoB48 were calculated as differences (Δ) from baseline mean values (as 0 at 0 h).
Statistics
All data are expressed as the means±SEM. Statistical analyses were performed using StatView ver. 5.0 (SAS Institute, Cary, NC, USA). Differences in timecourse changes from the initial values were analyzed using repeated measure one-way ANOVA, followed by a post-hoc test of Fisher's PLSD. The difference between values in trials with and without exercise (GE vs. G, and GFE vs. GF) at each time point was assessed by an unpaired t -test. p＜0.05 was considered to be significant in all analyses.
Results
The physical characteristics and fasting blood restricted from exercise and physical activity during the experiment except for the designated exercise testing. Subjects were also instructed to maintain their sedentary lifestyle during the interval between the study sessions. The protocols of the experiments are shown in Fig. 1 .
Biochemical Analysis
Serum samples were immediately frozen and kept at −80 ℃ until analysis. The concentrations of serum total cholesterol (TC) were measured enzymatically (Sysmex, Hyogo, Japan). High density lipoproteincholesterol (HDL-C) was measured by a direct method (Fujirebio, Tokyo, Japan). Low density lipoprotein-cholesterol (LDL-C) was calculated by the Friedewald formula. Hemoglobin A1c (HbA1c) and lipoprotein(a) (Lp(a)) were measured by a latex agglutination method (Sekisui Medical, Tokyo, Japan). Apolipoproteins (apo) A-Ⅰ, A-Ⅱ, B, C-Ⅱ, C-Ⅲ, and E were measured by immunonephelometry (Sekisui Medical, Tokyo, Japan). These were measured only in the fasting state.
The concentrations of serum TG (Sekisui Medical, Tokyo, Japan), lactate (Kyowa Medex, Tokyo, Japan), and free fatty acids (FFA) (Eiken Chemical, Tokyo, Japan) were measured enzymatically. Remnant-like particle triglyceride (RLP-TG) was measured by an immunosorbent assay (Otsuka Pharmaceutical, Tokyo, Japan). The concentration of apoB48 was measured by a chemiluminescent enzyme immunoassay (Fujirebio, Tokyo, Japan). The serum concentration of glucose was measured by a mutarotase GOD in the GE trial, at 1 h in the GF trial, and at 2 h in the GFE trial. In all trials, the concentrations of glucose returned to the baseline levels at 4 h. The concentrations of glucose at 1 h in the exercise trials (GE or GFE) were significantly lower than those in the respective control trials without exercise (G or GF) (both p＜0.01). Likewise, IAUC (0-2 h)-glucose values in the exercise trials were significantly lower than in the trials without exercise (both p＜0.01) ( Table 3) . Serum concentrations of insulin in the G trial peaked at 20 min, plateaued from 20 min to 2 h, and returned to the baseline levels at 4 h (Fig. 2B) . In the GE trial, insulin peaked at 20 min, decreased at 1 h, increased again at 2 h, and returned to the baseline level at 4 h. In the GF trial, the concentrations of insulin increased at 20 min, peaked at 1 h, and returned to the baseline level at 4 h, and in the GFE trial, they increased at 20 min, plateaued from 20 min to 2 h, and returned to the baseline levels at 4 h. VFA was positively correlated with IAUC (0-6 h)-insulin both in the G trial (r = 0.545, p＜0.05) and the GE trial (r = 0.609, p＜0.05). In the exercise trials (GE or GFE), serum insulin concentrations at 1 h were lower than in the control trial without exercise (G or GF) (both p＜0.01). IAUC (0-6 h)-insulin was significantly lower in the exercise trials than in the trials without exercise (p＜0.05 in GE vs. G, and p＜0.01 chemical data of the subjects are shown in Table 1 and 2 (0 h). There were no significant differences in any of the physical characteristics or fasting blood values between the trials. No subjects had nausea or diarrhea during or after the trials.
Exercise
The pulse rate slowly increased in both exercise trials (GE and GFE). The average heart rates during exercise were 115.0±1.6 beats/min (n = 27). %HRmax and %V 4 o2max were calculated as 57.9±0.8% and 43.2±1.1%, respectively. None of the subjects appeared to be in poor physical condition during the experiments, and blood pressure values remained within the normal range before and after the exercise.
Glucose, Insulin, FFA, and Lactate
The concentrations of fasting and postprandial serum glucose, insulin, FFA, and lactate are presented in Table 2 . Changes of serum glucose and insulin were also illustrated as differences from the baseline values (Fig. 2) .
Baseline (0 h) concentrations of serum glucose were not different in the 4 trials. Serum glucose concentrations increased 20 min after intake of the test beverage in all trials ( Fig. 2A) . Serum glucose concentrations reached a peak at 1 h in the G trial, at 20 min exercise, at 1 h in the GE trial, and at 1 and 2 h in the GFE trial (p＜0.01 each).
TG, RLP-TG and apoB48
The fasting and postprandial concentrations of TG, RLP-TG and apoB48 are shown in Table 2 , with the time course in Fig. 2C-E . Baseline concentrations of serum TG, RLP-TG and apoB48 were not different in the 4 trials.
Serum TG concentrations decreased at 2 and 4 h in GFE vs. GF) ( Table 3) . FFA concentrations decreased at 1 and 2 h, and increased at 6 h in the 4 trials ( Table 2 ). The concentrations of FFA were higher at 1 h in the trials with exercise than in each control trial without exercise (p＜0.05 in GE vs. G trial, and p＜0.01 in GFE vs. GF trial). IAUC (0-2 h)-FFA had a tendency to be higher (but not significantly) in the trials with exercise (GE or GFE) than in the trials without exercise (G or GF). The concentrations of lactate increased after p＜0.01 denotes a significant difference from the trials without exercise (GFE vs. GF or GE vs. G). G: glucose ingestion, GE: glucose ingestion with exercise, GF: glucose and fat ingestion, GFE: glucose and fat ingestion with exercise p＜0.01 G: glucose ingestion, GE: glucose ingestion with exercise, GF: glucose and fat ingestion, GFE: glucose and fat ingestion with exercise exercise reduced the number of secreted intestinal apoB48-containing TRL after intake of fat cream containing essentially no carbohydrate 13) . In the present study, postprandial aerobic exercise rather transiently stimulated the secretion of the number of apoB48-containing TRL after intake of fat cream with glucose. The mechanism is currently unknown, but glucose and/or insulin may be involved. Insulin acutely suppresses lipoprotein production of both hepatic (apoB100-containing) and intestinal (apoB48-containing) sources, which may involve insulin-mediated suppression of circulating FFAs and direct effects of insulin 16, 17) . Acute elevation of plasma FFA stimulates not only hepatic-derived apoB100-containing but also intestinally derived apoB48-containing lipoprotein particle production in the fed state 18) . Postprandial exercise may have stimulated the release of apoB48-containing TRL transiently by alleviating the rise of insulin levels. Another possibility may be that the increase of intestinal lymphatic flow by exercise stimulates the transient secretion of apoB48-containing lipoproteins. Although no fat was contained in the glucose beverage (G trial), transient apoB48 secretion was observed without the rise of serum TG and RLP-TG, suggesting that apoB48-containing particles with little TG were released by the exercise. The mechanism is not clear; however, promotion of intestinal lymphatic flow by exercise may be involved. It has been reported that a major proportion of apoB48-containing lipoprotein particles is assembled and secreted as highly dense, HDL-sized particles in the fasting state and that the intestine maintains a basal rate of apoB48 secretion 19) . In the present study, serum apoB48 concentrations decreased below baseline values (after 12 h overnight fast), suggesting that the 12-h overnight fast may not be a 'true' fast.
In the present study, postprandial exercise alleviated the steep rise of serum glucose and insulin, and transiently mitigated the decrease of FFA after the ingestion of glucose (G trial). Interestingly, even in lean young healthy women, VFA positively correlated with IAUC (0-6 h)-insulin after ingestion of glucose with or without exercise, suggesting that, without apparent insulin resistance or metabolic syndrome, visceral fat may be associated with insulin secretion. Also, postprandial exercise alleviated the sharp rise of serum glucose and insulin, and transiently mitigated the suppression of FFA after the ingestion of glucose with fat cream (GF trial). Postprandial exercise stimulated the transient secretion of apoB48-containing TRL with a rapid rise of serum apoB48, TG, and RLP-TG; however, the subsequent course of lipemia was not changed. Although total serum TG returned in the G trial, and at 2 h in the GE trial, and returned to the baseline at 6 h in both trials (Fig. 2C) . In the GF trial, concentrations of serum TG peaked at 2 h and returned to the baseline at 4 h, and in the GFE trial, increased at 1 and 2 h, and returned to the baseline at 4 h. Serum TG at 4 h tended to be higher in the GE trial than the G trial (p = 0.06) while serum TG at 1 h was significantly higher in the GFE than the GF trial (p＜0.05). IAUC (0-2 h)-TG was significantly higher in the GFE trial than in the GF trial (p＜0.05) ( Table 3) .
The concentrations of RLP-TG showed only slight non-significant decreases at 2 and 4 h in the G and GE trials (Fig. 2D) . RLP-TG concentration significantly increased at 1 and 2 h in the GFE trial, and at 2 h in the GF trial; levels peaked at 2 h in both trials. RLP-TG concentrations at 4 h in the GFE trial were slightly lower than in the GF trial, but not significantly (p = 0.06). RLP-TG concentrations did not return to the baseline levels at the end of experiment (6 h) in either trial. IAUC (0-2 h)-RLP-TG had a tendency to be higher in the GFE trial than in the GF trial (p = 0.08) ( Table 3) .
Serum apoB48 concentrations decreased at 4 and 6 h compared to the baseline in the G trial (Fig. 2E) . In the GE trial, they increased transiently at 1 h. The apoB48 concentrations decreased significantly at 4 and 6 h compared to the baseline in both trials (G and GE). In the GF trial, the concentrations of apoB48 peaked at 2 h, and in the GFE trial at 1 h. The apoB48 concentrations at 6 h did not return to the baseline in either the GF or GFE trial. IAUC (0-2 h)-apoB48 tended to be higher in the trials with exercise than without exercise (p = 0.09 in GE vs. G; p = 0.13 in GFE vs. GF) ( Table 3) .
Discussion
We obtained several important findings from the present study. The concentrations of insulin and glucose were lower 1 h after exercise than in each control trial without exercise. After the intake of glucose (without fat), the concentration of apoB48 transiently increased 1 h after exercise, but not without exercise, and was lower at 4 and 6 h compared with the baseline level in trials both with and without exercise. After the intake of glucose with fat cream, TG, RLP-TG and apoB48 concentrations after exercise were higher at 1 h compared with the control trial without exercise; however, no further differences were observed thereafter.
The present results are different from our previous results, which showed that postprandial aerobic promotion of postprandial glucose metabolism although postprandial exercise rather exaggerated the postprandial rise of TG levels in an early phase. Therefore, we recommend postprandial aerobic exercise for the promotion of postprandial glucose metabolism, as widely accepted; however, we do not recommend postprandial exercise for the purpose of promoting postprandial lipoprotein metabolism.
Conclusion
In healthy but sedentary young Japanese women, moderate-intensity postprandial aerobic exercise alleviated the glycemic peak after ingestion of glucose with or without fat, suggesting its insulin 'sparing' effect; however, when glucose was ingested with fat, the effect of exercise on lipoprotein and lipid metabolism was transient, enhancing the secretion of intestinal TRL only at an early phase. After the ingestion of glucose without fat, postprandial exercise transiently stimulated the secretion of apoB48-containing particles with little fat; however, due to the relatively small number of subjects used in this study, the results should be interpreted with caution.
to the baseline levels, serum apoB48 and RLP-TG values did not return to the baseline levels even after 6 h, suggesting that postprandial lipoprotein metabolism was still not finished at experiment's end. In our previous study 13) , serum RLP-TG returned to the baseline levels 6 h after OFTT cream (same amount as in this study) ingestion (without glucose), indicating that supplementation of glucose to fat may delay the clearance of intestinal apoB48-containing TRL; however, IAUC (0-6 h)-TG was slightly lower in the present study (ingestion of fat with glucose) than in our former study (ingestion of fat only) 13) . It has been reported that simultaneous ingestion of glucose (50 or 100 g) with fat diminished postprandial lipemia 20) . Peak postprandial TG concentrations occurred later after meals containing glucose and fat than after meals containing fat alone 20) ; however, simultaneous ingestion of glucose with fat diminishes postprandial lipemia not due to increased clearance of TG from the circulation, but to delayed gastric emptying and decreased hepatic secretion of TRL 20, 21) . Accordingly, the absorption and subsequent metabolism of glucose may be given priority over those of fat when glucose and fat are ingested simultaneously. The present results show that lipid and lipoprotein metabolism was only transiently promoted by moderate short-term aerobic exercise; however, it has been reported that prolonged walking (on a treadmill for 1.5 h at 40%V 4 o2max, starting 1.5 h after the meal) after the consumption of a fatty meal (containing carbohydrate) attenuates postprandial lipemia in normolipidemic young adults 22) . In this study, the sharp rises of serum glucose and insulin concentrations were significantly alleviated by aerobic exercise, and IAUC (0-2 h and 0-6 h)-insulin and IAUC (0-2 h)-glucose were significantly decreased by exercise compared with the control trials without exercise, suggesting that postprandial exercise can spare insulin. Inhibition of insulin secretion during exercise is known to be mediated by the activation of α-adrenergic receptors on pancreatic β cells from the increase in sympathetic activity 23) . Most guidelines recommend postprandial moderate aerobic exercise for the prevention and treatment of glucose intolerance/diabetes mellitus 24) . It is reported that postabsorptive exercise has the advantage of promoting fat use, whereas postprandial exercise can attenuate the glycemic response to breakfast in sedentary males with metabolic syndrome 25) . Postprandial exercise may be more effective for lowering the glycemic impact of the evening meal in individuals with type 2 diabetes compared with pre-meal exercise 26) . In this study, we showed that postprandial exercise is beneficial for the
